The great morphological and ecological diversity within the superfamily Trochoidea s. l. has in the past hindered the reconstruction of a robust phylogeny for the group based on morphology. Moreover, previous molecular phylogenies have disagreed on the monophyly and internal relationships of Trochoidea s. l., as well as on its relative phylogenetic position within Vetigastropoda. In order to further resolve the trochoidean and vetigastropod phylogenetic trees, we considerably increased the representation of trochoidean families for which no previous mitochondrial (mt) genomes were available: the complete mt genome of Cittarium pica (Tegulidae) and the nearly complete mt genomes of Tectus virgatus (Tegulidae), Gibbula umbilicaris (Trochidae) and Margarites vorticiferus (Margaritidae) were sequenced. In addition, the nucleotide sequences of all protein-coding and ribosomal RNA genes of Clanculus margaritarius (Trochidae) and of Calliostoma zizyphinum (Calliostomatidae) were derived from transcriptomic sequence data. The phylogenetic trees were reconstructed using probabilistic methods with Neomphalina as outgroup; these recovered with maximal support a clade of Trochoidea sensu Hickman & McLean (1990, Nat. Hist. Mus. Los Angeles County Sci. Series, 35: 1-169), which included superfamilies Angarioidea and Phasianelloidea deeply nested within superfamily Trochoidea sensu Williams (2012, Zool. Scripta, 41: 571-595). The families Trochidae + Calliostomatidae were the sister group to the remaining trochoidean lineages. Of these, the family Margaritidae was sister to a clade including Phasianelloidea + Angarioidea and Turbinidae + Tegulidae, this latter family being paraphyletic (Cittarium and Tectus need to be assigned to a new family). Gene order within the newly determined mt genomes was very stable (with only a few rearrangements, restricted to transfer RNA genes) and conformed to the vetigastropod and gastropod consensus genome organizations.
INTRODUCTION
Trochoidea s. l. Rafinesque, 1815 (top shells, turban shells and allies) are one of the most ecologically and morphologically diverse lineages of marine gastropods and by far the largest superfamily belonging to the subclass Vetigastropoda, with more than 2,000 living species grouped into about 500 recognized genera (Hickman, 1996; Geiger, Nützel & Sasaki, 2008) . The clade is distributed worldwide and is present throughout all seas and oceans, at all latitudes and bathymetric ranges (Hickman & McLean, 1990; Williams, Karube & Ozawa, 2008) . Trochoideans play an important ecological role as a predominant element in different marine communities such as intertidal rocky shores, seagrass beds and coral reefs, and they are also found in many other marine habitats (Williams et al., 2008) . They have a long fossil record that goes back to the Middle Triassic, 228-245 Ma, but the time of origin of the group is certainly much older (Hickman & McLean, 1990; Williams et al., 2008) .
The taxonomic internal classification of Trochoidea has a long history of controversy and instability. In their comprehensive morphological monograph on trochacean gastropods, Hickman & McLean (1990) maintained the three families traditionally recognized within the superfamily, i.e. Trochidae, Turbinidae and Skeneidae, and organized the different genera into various subfamilies and tribes based on suites of shared morphological characters. Later, in the taxonomic classification of gastropods proposed by Bouchet et al. (2005) , the family Turbinidae (including the subfamily Skeneinae) was classified within the superfamily Turbinoidea. However, there have been major changes to the systematics of Trochoidea based on recent molecular phylogenies (Geiger & Thacker, 2005; Williams & Ozawa, 2006; Kano, 2008; Williams et al., 2008; Williams, 2012) , which challenged the monophyly of the superfamily as well as of several of the internal groups as defined by Hickman & McLean (1990) and prompted important changes to the taxon composition and arrangement of families (Williams, 2012) . For instance, some taxa were transferred to the superfamily Seguenzioidea, newly redefined by Kano (2008) , and a number of minute skeneimorph genera were variously relocated either to Seguenzoidea (Kano, Chikyu & Warén, 2009; Haszprunar et al., 2016) , Neomphalina (Kunze et al., 2008) , or to the new family Crosseolidae of uncertain taxonomic position (Hickman, 2013) . Furthermore, several molecular studies redefined the family Turbinidae (Williams & Ozawa, 2006) , reinterpreted the superfamilies Angarioidea and Phasianelloidea (Williams et al., 2008) , and restricted Trochoidea to the families Trochidae, Turbinidae, Solariellidae, Calliostomatidae, Liotiidae, Skeneidae, Margaritidae and Tegulidae (Williams, 2012) .
None of these taxonomic changes was definitive and the debates over the final composition and internal phylogenetic relationships of Trochoidea remain more alive than ever. Moreover, this question is directly related to resolving phylogenetic relationships among the different superfamilies of Vetigastropoda. In this regard, some studies recovered Phasianelloidea and/or Angarioidea in early branching positions of the Vetigastropoda tree after the divergence of Pleurotomarioidea (Williams & Ozawa, 2006; Kano, 2008; Williams et al., 2008; Aktipis & Giribet, 2012) , whereas several recent phylogenies grouped Phasianelloidea and/or Angarioidea with Trochoidea (Zapata et al., 2014; Uribe et al., 2016; Lee et al., 2016; Wort, Fenberg & Williams, 2016) . While earlier studies were based on few partial mitochondrial (mt) and nuclear genes and a rather extensive lineage representation, later ones have been based on phylogenomic data but with reduced taxon sampling.
Phylogenetic analysis of complete mt genomes has resulted in good resolution among vetigastropod superfamilies (e.g. Uribe et al., 2016) and, therefore, they are good candidates to resolve phylogenetic relationships within Trochoidea. Until recently, there were 22 complete or near-complete mt genomes of Vetigastropoda available, which represent the living superfamilies Fissurelloidea, Lepetodriloidea, Seguenzioidea, Haliotoidea, Angarioidea, Phasianelloidea and Trochoidea (no mt genome has been sequenced for Pleurotomarioidea, Scissurelloidea and Lepetelloidea). However, the great diversity of Trochoidea was clearly underrepresented, as mt genomes for only 12 species belonging to Turbinidae, Trochidae and Tegulidae had been published (Uribe et al., 2016; Lee et al., 2016; Wort et al., 2016) . Here, we have increased the number of complete mt genomes representing different families within Trochoidea to test its monophyly and to address internal phylogenetic relationships of the superfamily (in particular, the relative positions of the families Trochidae, Calliostomatidae and Margaritidae, plus the genera Tectus and Cittarium, of which only Trochidae was previously included in phylogenetic analyses), as well as to resolve its relative phylogenetic position within Vetigastropoda. In addition, the reconstructed phylogeny was used to determine whether trochoidean mt genomes show rearrangements in their genes orders. During the review process of this paper, Lee et al. (2016) published a related mitogenomic phylogenetic study, which complemented our taxon sampling and enriched it at the family level. Therefore, the mt genomes reported by Lee et al. (2016) were incorporated into our phylogenetic analyses.
MATERIAL AND METHODS

Samples and DNA/RNA extraction
One specimen each of Cittarium pica (Tegulidae), Tectus virgatus (Tegulidae), Gibbula umbilicaris (Trochidae), Clanculus margaritarius (Trochidae), Calliostoma zizyphinum (Calliostomatidae) and Margarites vorticiferus (Margaritidae) was used for this study (Table 1 ; family assignment based on WoRMS, accessed October 2016, Gofas, 2009) . Samples of C. pica, T. virgatus, G. umbilicaris and M. vorticiferus were stored in 100% ethanol at −20°C and total genomic DNA was isolated from up to 30 mg of foot tissue following a standard phenol-chloroform extraction.
Samples of C. margaritarius and C. zizyphinum were stored in RNALater at -80°C and total RNA was isolated from mantle tissue using the RNeasy Fibrous Tissue Mini Kit (Qiagen) according to the manufacturer's instructions. Total RNA was quantified and its integrity assessed using a Qubit ® v. 2.0 Fluorometer RNA assay kit and an Agilent 2200 Tapestation with a high sensitivity R6K Screen Tape, respectively. Dynabeads ® mRNA DIRECT™ Micro Kit (Ambion, Life Technologies) was used to isolate mRNA using the 100 ng-1 µg total RNA protocol.
PCR amplification and sequencing
Two alternative strategies were carried out to obtain mitogenomic sequence data. For C. pica, T. virgatus, G. umbilicaris and M. vorticiferus, complete or near-complete mt genomes were PCR-amplified and sequenced, whereas for C. margaritarius and C. zizyphinum transcriptomic sequence data were generated and mt protein-coding and ribosomal RNA (rRNA) genes were identified.
For obtaining complete or near-complete mt genomes from genomic DNA, a three-step strategy was used. First, fragments of cox1, rrnL and cox3 genes were amplified using the primers detailed by Folmer et al. (1994) , Palumbi et al. (1991) and Boore & Brown (2000) , respectively. The standard PCR reactions contained 2.5 μl of 10x buffer, 1.5 μl of MgCl 2 (25 mM), 0.5 μl of dNTPs (2.5 mM each), 0.5 μl of each primer (10 mM), 0.5-1 μl (20-100 ng) of template DNA, 0.2 μl of Taq DNA polymerase 5PRIME (Hamburg) and sterilized distilled water up to 25 μl. The PCR temperature and cycle conditions used were: a denaturation step at 94°C for 60 s; 45 cycles of denaturation at 94°C for 30 s, annealing at 44°C (cox1) or 52°C (rrnL and cox3) for 60 s and extension at 72°C for 90 s; a final extension step at 72°C for 5 min. Second, the amplified PCR fragments were sequenced using Sanger sequencing and new primers were designed (see Supplementary Material for primer sequences) for amplifying outwards from the short fragments in the next step. Third, the remaining mtDNA was amplified in two or three overlapping fragments by long PCR using the newly designed primers. The long PCR reaction contained 2.5 µl of 10x LA Buffer II (Mg 2+ plus), 3 µl of dNTPs (2.5 mM each), 0.5 µl of each primer (10 mM), 0.5-1 µl (20-100 ng) of template DNA, 0.2 µl TaKaRa LA Taq DNA polymerase (5 units/µl) and sterilized distilled water up to 25 µl. The following PCR conditions were used: a denaturation step at 94°C for 60 s; 45 cycles of denaturation at 98°C for 10 s, annealing at 53°C for 30 s and extension at 68°C for 60 s per kb; then a final extension step at 68°C for 12 min.
Long PCR products were purified by ethanol precipitation. Overlapping fragments from the same mt genome were pooled together in equimolar concentrations and subjected to massive parallel sequencing. For each mt genome, a separate indexed library was constructed using the NEXTERA XT DNA library prep Kit (Illumina, San Diego, CA, USA) and sequenced in a single lane of Illumina MiSeq V2 500 at Sistemas Genómicos (Valencia).
Transcriptomes of C. margaritarius and C. zizyphinum were sequenced using the following procedure: Illumina libraries were prepared for each transcriptome using the ScriptSeq™ v2 RNA-Seq Library Preparation Kit from Epicentre (Epicentre Biotechnologies, Madison, WI, USA), size checked with an Agilent 2200 Tapestation and quantified using qPCR. The libraries were loaded onto onefifth of a MiSeq V2 500 cycle sequencing run. Each library was run twice.
Assembly and annotation
The reads corresponding to the different PCR-amplified mt genomes were sorted using the corresponding library indices. Adapter sequences were removed using SeqPrep (St John, 2011) . Assembly was performed using the TRUFA webserver (Kornobis et al., 2015) . The quality (randomness) of the sequencing was checked using FastQC v. 0.10.1 (Andrews, 2010) . Reads were trimmed and filtered out according to their quality scores using PRINSEQ v. 0.20.3 (Schmieder & Edwards, 2011) . Filtered reads were used for de novo assembly of mt genomes, searching for contigs with a minimum length of 3 kb. The complete or nearly complete sequence of each mt genome was finally assembled by overlapping the various contigs in Sequencher v. 5.0.1. The assembled sequence was used as reference to map the original (raw) reads with a minimum identity of 99% using Geneious ® v. 8.0.3 to estimate coverage. Genome annotation was performed by setting a limit of nucleotide identity of 75% to previously reported vetigatropod mt genomes (Uribe et al., 2016) using Geneious. The annotated 13 mt protein-coding genes were further corroborated by identifying the corresponding open reading frames using the invertebrate mt code. The transfer RNA (tRNA) genes were further identified with tRNAscan-SE v. 1.21 (Schattner, Brooks & Lowe, 2005) , which infers cloverleaf secondary structures. rRNA genes were identified by sequence comparison with previously reported vetigastropod mt genomes and assumed to extend to the boundaries of adjacent genes (Boore, Macey & Medina, 2005) . GenBank accession numbers of each newly sequenced mt genome are provided in Table 1 .
Transcriptomes of C. margaritarius and C. zizyphinum were assembled with Galaxy (Giardine et al., 2005; Blankenberg et al., 2010; Goecks, Nekrutenko & Taylor, 2010) . Reads for the two separate sequencing runs were concatenated and filtered for reads that contained all but three identical bases. Trimmomatic (Lohse et al., 2012) was then used with the initial ILLUMINACLIP step and a sliding window to trim reads (averaging across four bases and requiring an average quality score of 24) and to remove all reads with a length of less than 30 bases. Transcriptome assembly was performed using Trinity (Grabherr et al., 2011) , with default settings and a minimum contig length of 200 bases. Open reading frames were identified using the programme TransDecoder (Haas et al., 2013) . The mt protein-coding and rRNA genes of C. margaritarius and C. zizyphinum were extracted from the corresponding transcriptomes in Geneious by using published amino-acid sequences for each mt gene from Bolma rugosa (GenBank KT207824; Uribe et al., 2016) to identify matching sequences in the dataset of assembled contigs using the tBLASTx option, then the new contig was used as a reference sequence against the original reads to obtain full-length genes. Gene boundaries for rRNA genes were determined by comparison with other vetigastropod sequences.
Sequence alignment
The nucleotide sequences of the 13 protein-coding and two rRNA genes encoded in the newly determined complete or nearly complete mt genomes were aligned each separately with the corresponding orthologous sequences of all vetigastropod complete or nearly complete mt genomes available at NCBI (www.ncbi.nlm. nih.gov/; Table 1 ). The complete mt genome of Chrysomallon squamiferum (Neomphalina) was used as outgroup following Uribe et al. (2016) . Each protein-coding gene was aligned with Translator X (Abascal, Zardoya & Telford, 2010) using the deduced amino-acid sequence as guide whereas rRNA genes were aligned separately using MAFFT v. 7 (Katoh & Standley, 2013) with default parameters. Ambiguously aligned positions were removed using Gblocks v. 0.91b (Castresana, 2000) with the following settings: minimum sequence for flanking positions: 85%; maximum contiguous nonconserved positions: 8; minimum block length: 10; gaps in final blocks: no. The generated single alignments were concatenated using Geneious.
Phylogenetic analyses
Phylogenetic relationships were reconstructed using Bayesian inference (BI; Huelsenbeck & Ronquist, 2001 ) and maximum likelihood (ML; Felsenstein, 1981) . BI analyses were conducted using MrBayes v. 3.1.2 (Ronquist & Huelsenbeck, 2003) and running four simultaneous Monte Carlo Markov chains (MCMC) for 10 million generations, sampling every 1,000 generations and discarding the first 25% generations as burn-in (as judged by plots of ML scores and low SD of split frequencies) to prevent sampling before reaching stationarity. Two independent BI runs were performed to increase the chance of adequate mixing by the MCMC and to increase the chance of detecting failure to converge, as determined using Tracer v. 1.6 (Rambaut & Drummond, 2007) . ML analyses were conducted with RAxML v. 7.3.1 (Stamatakis, 2006) and default parameters using the rapid hill-climbing algorithm and 10,000 bootstrap pseudoreplicates. The programme Partition Finder (Lanfear et al., 2012 ) was used to select best-partition schemes and best-fit models of substitution according to the Bayesian information criterion (Schwarz, 1978) . For protein-coding genes, the partitions tested were: all genes combined, all genes separated except atp6-atp8 and nad4-nad4L, and genes grouped by subunits (atp, cox, cob and nad). In addition, these three partition schemes were tested considering first, second and third codon positions separately. For the mt rRNA genes, the two genes were tested both combined and separated. Statistical support in BI analyses was evaluated as posterior probability (PP) and in ML analyses as bootstrap probability (BP).
RESULTS AND DISCUSSION
Sequencing and assembly
The nucleotide sequences and gene arrangement of the complete mt genome of Cittarium pica and the nearly complete mt genomes of Tectus virgatus, Gibbula umbilicaris and Margarites vorticiferus were determined (see annotation and main features in Supplementary Material). In G. umbilicaris, a fragment of about 3 kb between the rrnL and cox3 genes could not be PCR amplified. In the cases of M. vorticiferus and T. virgatus, a shorter fragment of about 2 kb between rrnS and cox3 genes was missing (Fig. 1) . In addition, the nucleotide sequences of all protein-coding and rRNA genes of Clanculus margaritarius and of Calliostoma zizyphinum were derived from transcriptomic sequence data. The number of reads, mean coverage and sequence length (bp) of each complete or nearly complete mt genome are: C. pica: 165,292, 1,390x and 17,949; T. virgatus: 205,498, 2,218x and 13,891; G. umbilicaris: 142,074, 1,666x and 12,885 and M. vorticiferus: 290,484, 2,858x and 15,254 . The GenBank accession numbers and coverage for each of the mt genes of C. margaritarius and C. zizyphinum are given in the Supplementary Material.
Mitochondrial genome organization
Genome organization could only be determined for those mt genomes that were amplified by long PCR (all but C. margaritarius and C. zizyphinum). These mt genomes share the same gene order with regards to the relative position of protein-coding genes and only minor changes affecting individual tRNA genes were observed (Fig. 1) . The consensus gene order for Trochoidea s. l. (including Phasianelloidea and Angarioidea) is the same as that observed in Haliotoidea and Seguenzoidea, but not in Fissurelloidea and Lepetodriloidea (see Lee et al., 2016 and Uribe et al., 2016 for further information and discussion on vetigastropod mt gene arrangements). Moreover, this consensus gene order conforms to the genome arrangement of the hypothetical ancestor of gastropods ( Fig. 1 ; Uribe et al., 2016) . With respect to this ancestral gastropod gene order, the mt genome of T. virgatus showed a translocation of trnQ to a new relative position between cob and nad6 in the minor strand (Fig. 1) . The mt genome of G. umbilicaris had an inversion of trnT from major to minor strand (Fig. 1) . The mt genome of M. vorticiferus showed a translocation of trnM to a new relative position between nad6 and trnP in the minor strand (Fig. 1) . Finally, the mt genomes of Tegula spp., Bolma rugosa, Lunella spp., C. pica, Phasianella spp. and Angaria spp. showed rearrangements affecting trnG and trnE genes and, in some instances, one or both genes were missing ( Fig. 1 ; Lee et al., 2016; Uribe et al., 2016) . It is not possible to infer the exact evolution of these rearrangements, given that this part of the mt genome could not be sequenced in T. virgatus, M. vorticiferus and Gibbula spp., and is not available for C. margaritarius and C. zizyphinum (Fig. 1) . However, it is important to note that these two genes are located at the end of the ancestral MCYWQGE tRNA gene cluster and just before the hypothesized control region of gastropod mt genomes, which is known to act as a hotspot of gene-order rearrangements (Duarte, De AzeredoEspin & Junqueira, 2008) .
Phylogenetic relationships among vetigastropod superfamilies and within Trochoidea s. l.
A molecular phylogeny of Vetigastropoda was reconstructed using probabilistic methods. The final alignment was 11,475 positions long. The best-partition scheme was the one having all proteincoding genes combined (but with each codon position analysed separately) and the two rRNA genes combined. The best-fit model for the different partitions was GTR + I + G. The ML (-ln L = 17,998.18) and BI phylogenetic analyses arrived at the same topology using Neomphalina as outgroup (Fig. 2) . The superfamily Lepetodriloidea was recovered as sister group of the remaining vetigastropods, although only with moderate statistical support (BP 61%, PP 0.94). This lineage was recovered as sister group of Seguenzoidea + Haliotoidea in previous mt genome phylogenies (Lee et al., 2016; Uribe et al., 2016; Wort et al., 2016) . The next lineage that branched off was Fissurelloidea, whose members exhibited relatively long branches (Fig. 2) . Fissurelloidea have usually been recovered as sister group of the remaining vetigastropod lineages in previous mt genome phylogenies and the possibility of a long-branch attraction effect by the outgroup cannot be dismissed ( The mt genome phylogenies clearly differed from a phylogeny recently reconstructed by Zapata et al. (2014) based on nuclear transcriptomic data, in which phylogenetic relationships within Vetigastropoda were fully resolved (i.e. all nodes received maximal statistical support). In that study, Seguenzoidea were recovered as the sister group of a clade in which Lepetodriloidea was sister to Lepetelloidea and Haliotoidea was sister to Trochoidea s. l. (including Phasianelloidea); however, no representatives of Fissurelloidea were included (Zapata et al., 2014) . Here, we did not incorporate a representative of the superfamily Pleurotomarioidea, which in other phylogenies has been placed as sister group of the remaining vetigastropod lineages (Kano, 2008; Williams et al., 2008; Zapata et al., 2014) or even appeared unrelated to Vetigastropoda (Aktipis & Giribet, 2012) . Other missing superfamilies were Lepetelloidea and Scissurelloidea. Several molecular phylogenies based on partial gene sequences have recovered a close relationship between Scissurelloidea and Lepetodriloidea (Yoon & Kim, 2005; Williams & Ozawa, 2006; Kano, 2008) , while the relative phylogenetic position of Lepetelloidea remains controversial (Aktipis & Giribet, 2012) .
The main focus of the present phylogenetic analysis was Trochoidea s. l. This clade received maximal support and included Trochoidea, Phasianelloidea and Angarioidea sensu Williams et al. (2008) (Fig. 2) . The initial recognition of Phasianelloidea and Angarioidea as valid superfamilies distinct from Trochoidea sensu Hickman & McLean (1990) was based on phylogenetic analyses of partial mt and nuclear genes, which placed these two lineages in early-diverging positions in the vetigastropod tree (Williams et al., 2008; Aktipis & Giribet, 2012 ; see also position of Phasianelloidea in Kano, 2008) . However, our results are in agreement with more recent phylogenies based on mt (Lee et al., 2016; Uribe et al., 2016; Wort et al., 2016) and nuclear (Zapata et al., 2014) genomic datasets, which have likewise recovered a clade grouping Trochoidea together with Phasianelloidea and Angarioidea (the latter were missing in Zapata et al., 2014) . Interestingly, Phasianelloidea and Angarioidea show relatively long branches in the mt genome phylogenies (but shorter than nontrochoidean taxa; this study; Lee et al., 2016; Uribe et al., 2016) , which in previous studies with different taxon sampling and molecular markers (18S and 28S also showed long branches for Phasianelloidea and in particular for the family Areneidae in Angarioidea in Williams et al., 2008) may have produced a long-branch attraction effect and the pulling of these two lineages to more basal positions. The recovery of a monophyletic Trochoidea sensu Hickman & McLean (1990) , which is supported here, has been shown to be particularly sensitive to the choice of mt and nuclear genes used, and to the use of amino acids versus nucleotides in the phylogenetic analyses (Wort et al., 2016) .
The representation of Trochoidea in recent phylogenomic analyses has been rather limited, a situation that has been addressed in the present analysis with the inclusion of representatives of the families Margaritidae, Trochidae and Calliostomatidae, as well as exemplars from the genera Tectus and Cittarium (see also Lee et al., 2016) . The reconstructed phylogenetic tree recovered the Trochidae as sister group of the Calliostomatidae with maximal statistical support and the resulting clade was sister group of the remaining trochoidean lineages, which formed a monophyletic group with high support (BP 70%, PP 1). The family Trochidae sensu Williams et al. (2008) is the largest and most diverse in terms of diet and habitat, comprising up to ten subfamilies, more than 600 known species and more than 60 genera. Therefore, the representation in our study is still quite incomplete with representatives only of the subfamilies Cantharidinae (Gibbula), Stomatellinae (Stomatella) and Trochinae (Clanculus). While species of Trochidae are mostly herbivores or detritivores (Hickman & McLean, 1990) , the members of Calliostomatidae constitute a uniform group of carnivorous snails that can be distinguished from Trochidae by their distinct feeding adaptations, which include differences in their alimentary tracts and radulae (Hickman & McLean, 1990; Marshall, 1995) . The family Margaritidae was sister of a maximally supported clade including Phasianelloidea + Angarioidea and Turbinidae + (paraphyletic) Tegulidae (Fig. 2) . The Margaritidae, historically included as a subfamily within Trochidae, were recognized for the first time at familial rank by Williams (2012) . They could represent an early radiation that diverged from the tropical and subtropical groups by adaptation to cold conditions (high latitudes and deep water). The Tegulidae have a long and controversial taxonomic history due to the unusual distribution of character states of its members. Hickman & McLean (1990) retained the group as a subfamily within Trochidae, emphasizing the evolutionary conservatism of conchological characters, such as the oblique aperture and interrupted peristome and the short growing edge of the operculum. Later, Hickman (1996) suggested that Tegula and allies represented an enigmatic group located somewhere between Trochidae and Turbinidae, and Williams (2012) finally raised it to familial rank. Our results support Tegulidae as a distinct lineage closely related to Turbinidae (Fig. 2) . The reconstructed phylogeny also suggests that the genera of this family should be redefined, since the speciose genus Tegula has proved to be nonmonophyletic (or alternatively the genera Omphalius and Chlorostoma need to be assigned to Tegula). Nearly 30 species are grouped today within this genus (Bouchet, 2011) , based on similarity of shell characters.
The recovered internal phylogenetic relationships of Trochoidea s. l. are fully congruent with the five-gene tree of Williams (2012) , who did not include Phasianelloidea and Angarioidea in her phylogenetic analysis. In particular, it is worth noting that Cittarium and Tectus (and possibly Rochia; Williams, 2012) need to be assigned to a new family. Hickman & McLean (1990) included Tectus within Trochinae and Cittarium within Gibbulinae. More recently, Bouchet et al. (2005) assigned both genera to Tegulidae. Williams (2012) first recovered Tectus, Cittarium and Rochia as a distinct clade, although with low support. Although the clade was not formally described, she suggested familial rank pending further studies. Our results support this suggestion and highlight the need to study the morphological and anatomical peculiarities of these genera with respect to other trochoidean families.
To summarize, the recovered phylogeny prompts a redefinition of Trochoidea sensu Williams et al. (2008) , supporting instead the hypothesis of Hickman & McLean (1990) . However, confirmation awaits further mitogenomic studies including missing families such as Skeneidae, Solariellidae and Liotiidae.
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